INTRODUCTION

.I Characterization Objectives
Tank BY4 11 headspace gas and vapor samples were collected and analyzed to help determine the potential risks of fugitive emissions to tank farm workers. The drivers and objectives of waste tank headspace sampling and analysis are discussed in Program Plan forthe Resolution of Tank Vaporlssues (Osborne and Huckaby 1994) . This report primarily discusses results from the November 1994 sampling event, but also includes selected results of the May 1994 sampling event. The tank BY-I 11 headspace was sampled in May 1994 in accordance with Safety Assessment for Gas Sampling All Ferrocyanide Tanks (Farley 1991) , and in November 1994 in accordance with Data Quality Objectives for Generic In-Tank Health and Safety lssue Resolution (Osborne et al. 1994 ).
Characterization Data Criteria
Data Qualify objectives for Generic In-Tank Health and Safety lssue Resolution describes parameters for data collection to ensure appropriate conclusions can be drawn from the data. Tank headspace characterization data were collected to help in the evaluation of 1) headspace flammability, and 2) identification and quantification of compounds of toxicological concern.
Single Shell Tank lnterim Operational Safety Requirements (Dougherty 1995) specifies that combustible constituents in tank headspaces be maintained below 25 % of the lower flammability limit (LFL). This essentially agrees with National Fire Protection Association requirements that combustible concentrations be maintained at or below 25 % of the LFL (NFPA 1992) . Current governing operating specifications for Watchlist tanks, such as tank BY-I 11, specify that combustible constituents be maintained at or below 20 % of the LFL (WHC 1995a).
Headspace characterization data are used by Westinghouse Hanford Company (WHC) Tank Waste Remediation Systems Industrial Hygiene as source term data in the industrial hygiene strategy to protect workers from tank fugitive emissions. Because selection of worker protective equipment must be based on industrial hygiene monitoring of the work place and not on source term data (29 CFR 1910.120) , tank headspace characterization data can not be used for this purpose. Furthermore, because there are mechanisms by which headspace constituents can be either diluted or concentrated as they are released to the atmosphere, the headspace characterization data should not be considered to be representative of emissions at the point of emission.
These statements notwithstanding, the data quality objectives document specifies that the industrial hygiene group be advised if constituents with toxicological properties exceed 50 % of the appropriate consensus exposure standard (CES) for non-carcinogens. or 10 % of the appropriate CES for carcinogens. ACES is defined as the most stringent of known regulatory or recommended toxicological values for the workplace (Osborne et ai. 1994).
INORGANIC GASES AND VAPORS
Analytical results of sorbent trap and SUMMATM,' canister tank air samples for selected inorganic gases and vapors are given in Table 3 -1 in parts per million by volume (ppmv) in dry air. The concentration of water vapor given in Table 3 -1 has been adjusted to tank conditions as given in Section 3.3. Inorganic analyte sorbent traps and SUMMATM canisters were~prepared and analyzed by PNL at PNL quality assurance impact level 2 (Lucke et al. 1995a ).
Analyses of the inorganic vapor sorbent traps were performed within 33 days of sample collection, analyses of SUMMATM canisters for inorganic compounds were performed 76 days after sample collection. Thus the 60-day holding time requirement of the WHC quality assurance project plan (Keller 1994) was satisfied for sorbent traps, but not for the SUMMATM analyses. It should be noted that these inorganic compounds (i.e., the permanent gases) would be expected to be very stable in the SUMMATM canisters, and the results may not have been affected even though the 60-day holding time requirements were exceeded.
Ammonia, Hydrogen, and Nitrous Oxide
Ammonia concentration in the headspace of tank BY-I 11 was measured at 59 ppmv. Ammonia has been observed in virtually all of the passively ventilated tanks sampled to date, at concentrations ranging from about 3 ppmvin tank C-108 (Lucke et al. 1995b) , to 1040 ppmv in tank BY-IO8 (McVeety et al. 1995b) . Given the LFL of ammonia in air is about 15 % by volume (VOW), the measured 59 ppmv corresponds to less than 0.04 % of the LFL, and does not contribute appreciably to the flammability of the headspace.
Hydrogen was not detected in the SUMMATM canister samples, and determined to be present at c 160 ppmv. In general, hydrogen is of concern as a fuel. The upper bound 160 ppmv of hydrogen in tank BY-11 1, however, represents only about 0.4 % of the LFL for hydrogen in air, and hydrogen would not be a flammability concern at this level.
Nitrous oxide was not detected in SUMMATM canister samples either. Analyses indicated that nitrous oxide was present at < 67 ppmv. Under proper conditions, nitrous oxide can serve as an oxidizer to support combustion. However, Cashdollar et al. (1992) found that nitrous oxide had no significant effect on the flammability of hydrogen and air mixtures for hydrogen concentrations less than 20 vol%, and that "small amounts of nitrous oxide (relative to air) do not appear to have much effect on the flammability". Their results suggest the measured nitrous oxide concentration is much too low to have a significant effect on the flammability of the tank BY-1 11 headspace.
Carbon Dioxide and Carbon Monoxide
The average measured headspace carbon dioxide concentration, 21 9 ppmv, is significantly lower than the normal ambient air concentration of about 350 to 400 ppmv. Carbon dioxide introduced by air exchange with the atmosphere is readily absorbed by caustic supernatant and interstitial liquids of the waste tanks, and converted to carbonate in solution. It is reasonable to expect the level of carbon dioxide in a tank headspace will therefore depend on the tank's breathing rate, and the pH and surface area of aqueous waste (Le., supernate, interstitial liquid, and condensate) in the tank. The 21 9 ppmv carbon dioxide concentration measured in tank BY-1 11 is typical of other tanks sampled to date.
' SUMMA is a trademark of Molectrics. Inc., Cleveland, Ohio WHC-SD-WM-ER-440 REV. 1 preparation, dilutions, etc.), and the relative standard deviations suggest there were no significant problems in the field or in the laboratories.
As discussed briefly in Section 1.4, it is possible that gases and vapors generated by the waste in tanks BY-11 0 and BY-I 12 could be transferred to tank BY-I 11 via the cascade lines. If significant exchange of selected inorganic gases and vapors were taking place between adjacent tanks, either their headspace compositions would be vety similar, or all waste products detected in one tank would be at or equal or higher concentrations in the other tank. Table 3 Organic vapors in the tank BY-I 11 headspace were sampled using SUMMATM canisters, which were analyzed at PNL, and triple sorbent traps (TSTs), which were analyzed by ORNL. Both laboratories used gas chromatographs (GCs) equipped with mass spectrometer (MS) detectors to separate, identify, and quantitate the analytes. Descriptions of sample device cleaning, sample preparations, and analyses are given by Jenkins et al. (1995a) and Lucke et al. (1995a) . Aquantitative measurement ofthe total organic vapor concentration by the U.S. Environmental Protection Agency (EPA) task order 12 (TO-12) method (EPA 1988) was also performed by Oregon Graduate Institute of Science and Technology (OGIST) on samples collected in May 1994 by the ISS method (Pingel 1994, Rasmussen 1994).
PNL SUMMATM sample results should be considered to be the primary organic vapor data for tank BY-I 11. These results were produced at PNL quality assurance impact level 2. However, analyses of SUMMATM canisters for organic vapors were not completed until 80 days after sample collection, and this exceeded the administratively chosen 60-day holding time (Keller 1994) . No holding time study has been performed to determine the stability of analytes in SUMMATM canisters in the chemical matrix of the tank samples.
ORNL analyses of TST samples from this and other waste tanks generally agree with, support, and augment the SUMMATM sample results. However, because certain WHC quality assurance requirements were not satisfied by ORNL, the quality assurance assessment of ORNL by Hendrickson (1995) should be reviewed before results unique to the TST samples are used for decision making.
All TSTs prepared by ORNL had 3 surrogate compounds added to evaluate sample matrix effects, potential handling, storage, and shipment problems, and analytical instrumentation performance . ORNL evaluated the surrogate recoveries using a statistical approach similar to that prescribed by SW 846 Method 8260A Volatile Organic Compounds by Gas ChromatographyNass Spectrometry (GCNS) Capillary Column Technique (EPA 1992). Using this approach, ORNL reported that all surrogates had standard deviation values within the 95 O h confidence interval for variance, indicating that no bias was introduced in the measurement of analyte quantities (Jenkins 1995a ).
Positively Identified Organic Analytes
Positive identification of organic analytes using the methods employed by PNL and ORNL involves matching the GC retention times and MS data from a sample with that obtained by analysis of standards. The concentration of an analyte in the sample is said to be quantitatively measured if the response of the GCNS has been established at several known concentrations of that analyte &e., the GCNS has been calibrated for that analyte), and the MS response to the analyte in the sample is between the lowest and highest responses to the known concentrations (Le., the analyte is within the calibration range). ORNL and PNL were assigned different lists of organic compounds, or target analytes. to positively identify and measure quantitatively. The ORNL target analyte list was derived from a review of the tank C-103 headspace constituents by a panel of toxicology experts (Mahlum et al. 1994 ). The PNL target analyte list included 39 compounds in the Environmental Protection Agency (EPA) task order 14 (TO-14) method, which are primarily halocarbons and common industrial solvents (EPA 1988), plus 14 analytes selected mainly from the toxicology panel's review of vapor data on tank C-103. Table 4 -1 are 5 organic compounds positively identified and quantitated in SUMMATM canister samples, and the methane analyses result. PNL performed analyses according to the EPA task order 14 (TO-14) methodology, but expanded the number of target analytes from 40 to 54 to include waste tank analytes of particular interest (EPA 1988 , Lucke et al. 1995a . Methane was analyzed with the inorganic gases, because it is not analyzable by the TO-14 method. Of the original 40 TO-I4 analytes, only WHC-SD-WM-ER-440 REV. I By the nature of the sampling devices, virtually all organic vapors present in the tank headspace are collected by both TST and SUMMAM samples. Analyses of the samples are designed to recover, separate, and identify the organicvapors in the samples. TSTs are not good for collecting highlyvolatile compounds (Le., molecules more volatile than propane), but are quite good for most others. In contrast, the recovery of very low volatility compounds (e.g., molecules with more than about 15 carbon atoms) and some polar compounds with moderate volatility (e.g., butanal) from SUMMATM samples has been problematic.
Listed in
The organic compounds tentatively identified in SUMMATM canister samples by PNL are listed, with their estimated concentrations, in Table 4 -6. Compounds are listed in Table 4 -6 in the order by which they eluted chromatographically, and only non-zero results are included in the reported averages. The list of tentatively identified compounds detected in TST samples, and their estimated concentrations, is given in Table 4 -7. Compounds are listed in Table 4 -7 according to the order by which the eluted chromatographically. The averages reported by ORNL in Table 4 -7 are all 3-sample averages, and if an analyte was not detected in a sample, its concentration in that sample was considered to be zero for averaging purposes. Estimated concentrations are in mg/m3, based on dry air at 0 "C and 1.01 bar.
The ORNL and PNL methods used to tentatively identify and estimate concentrations are described by Jenkins et al. (1995a) and Lucke et al. (1995a) , respectively, and should be reviewed before this data are used for decision making. Concentrations given in Tables 4-6 and 4-7 should be considered rough estimates. The proper quantitation of all obselved analytes is outside the scope and budget of these analyses, and the estimation of concentrations involves several important assumptions. The validity of each assumption depends on the analyte, and such factors as the specific configuration of the analytical instrumentation.
Total Nonmethane Organic Carbon
OGIST measured the TNMOC concentration in 3 SUMMATM canister samples collected on May 11, 1994 using the EPA TO-I2 method (Rasmussen 1994). Because OGIST did not perform analyses with a WHCapproved quality assurance project plan in place, the OGIST results should be considered secondary data, and have been placed in brackets to emphasize this. The sample mean was 19.6 mg/m3]. with a standard deviation of [0.2 mg/m3]]. MS analyses indicated only 2.2 mg/m3 of organic vapors in TST samples ).
Discussion of Organic Analytes
Some of the compounds listed in Tables 4-1 through 4-7 were introduced to the tank with process waste streams, and are detected in the headspace because the original inventory has not been completely evaporated or degraded. Examples of these are the semivolatile normal paraffinic hydrocarbons (NPHs), (Le., n-dodecane, n-tridecane, n-tetradecane, n-pentadecane) and methyl-substituted decahydronaphthalenes that were used as diluents for tributyl phosphate.
Though there is no toxicological or flammability hazard associated with the 0.13 ppmv of trichlorofluoromethane measured in tank BY-1 11, its presence has been noted in many of the tanks sampled to date. The origin of trichlorofluoromethane in the waste tanks has not been established, however, it may be present from its use in urethane foam that were applied to concrete tank pits as a sealant.
Most of the compounds in Tables 4-1 butanol is known to be formed by the hydrolysis of tributyl phosphate, and it has been suggested that the alcohols, aldehydes, ketones, nitriles, alkenes, and short chain alkanes are all degradation products of NPHs.
Neither TST nor SUMMATM methods detected tributyl phosphate as a headspace constituent. The relatively high concentration of I-butanol, however, is a strong indication that tributyl phosphate does exist in tank BY-11 1. That tributyl phosphate was,not observed in the TST samples may be due to the facts that tributyl phosphate has a very low vapor pressure, and it has a tendency to adsorb on to the high efficiency particulate air filters used during sampling to~protect the samples from radiological particulate contamination.
In general, the character of organic vapors in tank BY-I 1 I appears to be very similar to other NPH-rich waste tanks in 241-C and 241-BY farms. As indicated in Table 3 -2, tank BY-I 11 has the lowest levels of organic vapors in the tank BY-1 10, BY-I 11, and BY-I 12 cascade. 
